Purpose: To examine the predictive validity of prior cultures at predicting the microorganism isolated at the time of suspicion of ventilator-associated pneumonia (VAP).
Introduction
Ventilator-associated pneumonia (VAP) is a common nosocomial infection in mechanically ventilated patients, with an estimated incidence of 8% to 28% [1] . Ventilator-associated pneumonia is associated with an increased duration of mechanical ventilation, length of hospital stay, and mortality [2] [3] [4] . Several observational studies suggest that the outcome of VAP is affected by the adequacy of initial antibiotics [5, 6] . The American Thoracic Society guidelines recommend initial treatment with broad-spectrum antibiotics and subsequent rapid de-escalation to ensure adequacy of antimicrobial coverage [7] . However, there are growing concerns that the overuse of broad-spectrum antibiotics in intensive care units (ICUs) increases bacterial resistance, length of stay, and mortality [8, 9] .
An alternative approach to prescribing initial broadspectrum antibiotics for VAP is to regularly collect respiratory specimens in mechanically ventilated patients, regardless of clinical status, to document the presence of potentially pathogenic microorganisms. Basing empiric antibiotic choices on the results of these surveillance cultures has the potential advantage of prescribing narrower spectrum antibiotics, provided that surveillance cultures accurately reflect pathogens isolated at time of suspected VAP. Although several studies support the predictive accuracy of surveillance cultures [10] [11] [12] , others do not [13, 14] .
We performed a retrospective analysis of a recent multicenter randomized controlled trial (RCT) of diagnostic strategies and antibiotic selection in VAP [15, 16] to assess the reliability of previous cultures to guide empiric antibiotic therapy. Our main objective was to answer the following clinically important question: could empiric antimicrobial therapy guided by the results of previous respiratory tract cultures adequately treat organisms grown from cultures performed at the time of a suspicion of VAP?
Methods
We performed a retrospective analysis of data from a RCT, details of which have been published previously [15] . The study enrolled 740 patients from 28 ICUs in Canada and the United States between May 2000 and February 2005. The trial used a 2 × 2 factorial design to assess the impact on mortality of bronchoalveolar lavage (BAL) vs endotracheal aspirates (ETA) [15] and broad-spectrum combination antibiotic therapy (meropenem and ciprofloxacin) vs monotherapy (meropenem) [16] on mortality among mechanically ventilated patients with suspected VAP.
Participants
Patients were eligible for the study if they had received mechanical ventilation for at least 4 days and if they had suspected VAP. Pneumonia was defined by new or persistent radiographic features of pneumonia without another obvious cause and any 2 of the following clinical features: a temperature exceeding 38°C, leukocytosis (defined as a leukocyte count exceeding 11.0 × 10 3 per cubic millimeter) or neutropenia (defined as a neutrophil count of b3500 per cubic millimeter), purulent endotracheal secretions, potentially pathogenic bacteria isolated from the ETA, and increasing oxygen requirements. Patients were excluded if they were immunocompromised; unsuitable for bronchoscopy; allergic to penicillins, cephalosporins, carbapenems, or ciprofloxacin; infected or colonized with pseudomonas species or methicillin-resistant Staphylococcus aureus; recipients of study drugs (ciprofloxacin within 24 hours and meropenem within 7 days before enrollment); expected to die or undergo withdrawal of treatment within 72 hours after enrollment; unlikely to leave the ICU within 3 weeks; pregnant or lactating; or previously enrolled in this or another interventional trial. Written informed consent was obtained from the substitute decision maker of all enrolled patients.
Microbiological specimens
Microbiological specimens were obtained from all patients at the time of enrollment. Specimens consisted of either a quantitative culture of BAL fluid or a nonquantitative culture of an ETA, depending on patient assignment. Routine surveillance cultures were not mandated, but previous nonquantitative ETAs were performed at the discretion of the physician. Any ETA taken 1 to 3 days before enrollment qualified as a previous culture, whereas an ETA taken on the same day as enrollment was pooled with the enrollment culture. Bronchoalveolar lavage specimens taken 1 to 3 days before enrollment were excluded from all analyses because there were very few (n = 18). A positive culture was defined as any growth of a pathogenic organism on BAL or ETA regardless of colony count. Specimens yielding Candida, coagulase-negative Staphylococci, or normal flora were considered nonpathogenic and were classified as no growth requiring antibiotic treatment for both the previous and enrollment cultures. After discharge or death, site investigators reviewed hospital records, incorporating culture results, response to antibiotics, and other features of the clinical course to adjudicate whether study patients had developed VAP and to determine the final clinical and microbiological outcomes using standard definitions [15] .
Outcomes
The primary outcome for the present analysis was crude agreement in patients with a positive previous culture. This was defined by isolation of no new organisms from enrollment cultures compared to what was found in previous cultures. The definition of the primary outcome was selected to reflect the ability of prior cultures to guide empiric antibiotic choices. Crude agreements between previous ETA with enrollment ETAs and with enrollment BALs were initially calculated separately. For the primary outcome, we also performed a sensitivity analysis where a positive BAL culture was defined as more than 10 4 colony forming units/ mL. Secondary outcomes included agreement matched to Gram class, organism and sensitivity profile, and potential antibiotic error rate (defined as 100 ⁎ [1 − crude agreement]).
Statistical analysis
Descriptive baseline statistics were performed on the entire sample, followed by a comparison between patients with and without prior cultures. Continuous variables were expressed as means and standard deviations and compared using t tests. Categorical variables were compared using χ 2 tests. Crude percent agreement with 95% confidence intervals (CIs) was calculated for all patients who had positive prior and enrollment cultures, and χ 2 tests were used to analyze subgroups stratified by antibiotic use, Gram class of prior cultures, and diagnostic technique. For patients with more than 1 previous culture drawn 1 to 3 days before enrollment, we pooled all specimens and considered all pathogenic organisms when calculating agreement. The frequency of individual organisms grown from previous and enrollment cultures was compared using a χ 2 test. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC).
Results
A total of 740 patients were randomized into the study; 1 patient withdrew consent within 2 days of randomization and was excluded from all analyses. Of the remaining 739 patients, 281 (39%) had cultures done 1 to 3 days before enrollment. Patients with and without prior cultures had similar demographic and clinical characteristics ( Table 1) . Although patients with prior cultures had lower day 1 Multiple Organ Dysfunction Score [17] (5.2 ± 2.7 vs 5.8 ± 3.1), this absolute difference was likely not clinically important.
Of the 281 patients, 130 (46%) grew a pathogenic organism on previous cultures. The most common organism isolated in previous cultures was Staphylococcus aureus, followed by Haemophilus influenzae, and Klebsiella pneumoniae ( Table 2 ). The prevalence of individual organisms was similar in prior and enrollment cultures ( Table 2) Combining the results (regardless of diagnostic test, and using the "any growth" definition), in patients with positive prior cultures, we found overall agreement with all organisms in enrollment cultures to be 0.63 (0.55-0.71). When only considering Gram stain class, agreement was 0.84 (0.77-0.89), and when sensitivity patterns were included, the agreement was 0.61 (0.52-0.69) (Fig. 1) . The potential antibiotic error rate was 16% (11%-33%) if agreement were based on Gram class, 37% (29%-45%) if based on presence of all organisms, and 39% (31%-48%) when estimated according to sensitivity profile. 
Discussion
This retrospective analysis of a large multicenter randomized trial suggests that previous respiratory cultures should not be used to guide empiric antibiotic choices for suspected ventilator associated pneumonia. We found that previous cultures failed to predict all organisms in enrollment cultures in 37% of patients, and a slightly higher failure rate occurs if one considers the proportion of patients growing the same bacteria with identical sensitivity profiles. If clinicians were to guide empiric VAP therapy based upon cultures drawn 1 to 3 days previously, they would potentially select inappropriate therapy 39% of the time, and even if they were to base empiric therapy on Gram class, they would still potentially select inappropriate therapy in 16% of cases. Given that outcomes of VAP have shown to be closely tied to adequacy of empiric antibiotics in retrospective observational studies [5, 6] , these levels of agreement do not support the use of surveillance cultures to select empiric antimicrobials.
Surveillance and enrollment cultures may differ for various reasons. Prior antibiotic exposure may select out different causal organisms of VAP. However, agreement between surveillance and enrollment cultures was poor regardless of prior antibiotic exposure and was best in patients recently started on antibiotics. In patients who received no antibiotics 1 to 3 days before suspicion of VAP, it is possible that additional organisms grew in the following few days, leading to a high level of disagreement. Agreement may also depend on the same diagnostic method being used for surveillance and VAP diagnosis. We found slightly better agreement when ETAs were used for both specimens, but we were unable to analyze agreement when BALs were used to collect previous specimens because of very small numbers.
These results are consistent with other reports on surveillance cultures. Flanagan et al [11] reported that surveillance cultures predicted the organism grown at time of VAP diagnostic testing in only 11 (65%) of 17 cases. Hayon et al [14] described 473 positive surveillance cultures in 125 episodes of microbiologically confirmed VAP. Only 16% of surveillance cultures predicted the causative organism [14] . However, Michel et al [10] have recently recommended systematic surveillance cultures based on a prospective cohort study using twice weekly ETAs. In their study, scheduled surveillance cultures predicted the correct organism in 34 (85%) of 40 cases of VAP. They also assessed the utility of using these cultures to guide initial antibiotic coverage and found it to be adequate 96% of the time.
Several reasons could explain the discrepancy between our results and the high rates of agreement seen in the study by Michel et al. [10] . Their study was prospective, allowing clinicians to choose empiric antibiotics based on surveillance cultures. The clinician could use other patient features in addition to the surveillance cultures to make antibiotic choices and was free to broaden or narrow coverage, or to ignore the results of the surveillance culture. In our retrospective study, we could only calculate a potential rate of inadequate antibiotic treatment, and in clinical practice the rate of antibiotic adequacy would likely be higher due to clinical judgment, or by chance alone as even "narrow" spectrum antibiotics usually still cover multiple bacterial species. The study by Michel et al was also a small singlecenter study, which limits the generalizability of the results. Results of their study may be affected by the individual physicians prescribing the antibiotics or by the microbiology of their ICU. Finally, it is possible that the lower rate of agreement observed in our study was due to the low prevalence of resistant organisms such as Pseudomonas spp and MRSA in our patient sample. This low prevalence is partly attributable to the participating ICUs (predominantly Canadian) and because patients who were immunocompromised or colonized with Pseudomonas spp or MRSA were excluded from the study. Inclusion of patients already colonized with Pseudomonas spp or MRSA likely would have increased our rates of agreement.
Although our present study did not assess the adequacy of antibiotics directly, surveillance cultures failed to predict the correct Gram class in 16% of cases and the correct organism with identical sensitivity pattern in 39% of cases. This suggests that antibiotic selection based on surveillance cultures could be inadequate in up to 39% of cases. However, this finding should be interpreted cautiously because we did not directly study the consequence of doing, interpreting, and acting on surveillance cultures in clinical practice. In addition, surveillance cultures may still be useful by identifying patients colonized with resistant organisms and who may thus benefit from broader antibiotic coverage. Unfortunately, we were unable to assess this aspect of surveillance cultures due to the low prevalence of resistant organisms in our sample.
Because this study is a secondary analysis, it has several limitations. We have no information regarding the clinical reasons for ordering cultures before enrollment in the RCT. These may have been ordered for true surveillance in asymptomatic individuals, or patients may have had early clinical signs of VAP that precipitated the cultures. In the latter scenario, surveillance cultures may have represented early cultures from the same episode of VAP, which would tend to positively bias the agreement. Sampling bias could have also affected the results of the study. We analyzed only the 281 patients with surveillance cultures (of which only 130 had positive surveillance cultures) from a larger sample of 739 patients. It is possible that patients with surveillance cultures differed from those without such cultures, despite documented similarity in variables recorded (Table 1) . However, unless regular surveillance cultures are routinely carried out, this is likely representative of typical clinical practice.
In conclusion, this secondary analysis of an RCT is the only multicenter study to assess agreement between prior cultures and cultures performed on the day of suspicion of VAP. We found poor agreement between prior cultures and the causative organism for VAP. Empiric antibiotics guided by prior cultures could lead to inadequate antibiotics in more than one third of cases. Prior culture results thus do not appear useful for guiding empiric antibiotic therapy. Further prospective studies using scheduled surveillance cultures are needed to confirm these results and to assess whether surveillance cultures in ICUs with high prevalence of resistant bacteria can identify patients where empiric therapy for VAP needs to include coverage of these bacteria.
